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Abstract 
Trends in disposable and handheld biosensors have called for miniaturized and planar electrodes in the place of 
conventional bulky ones. In this work, thin tin-doped indium oxide (ITO) film coated on glass were used as a based 
electrode in a three-electrode electrochemical system to follow some biochemical activities, such as NADH and 
phenol activity. The reference electrode is made on ITO layer by electro-deposition of thin nickel layer and silver 
layer, consecutively, followed by chlorination of silver surface by electrochemical potentiostatic method. The plain 
planar ITO-coated glasses were used as both counter electrode and working electrodes. Cyclic-voltammetry 
measurements; which follow an oxidation of 200 PM nicotinamide adenine dinucleotide (NADH) in 0.1M KCl, 
show current peak of 8.5PA. Another case was also to follow the NADH oxidation but in competition with its 
coupling activity with flavin mononucleotide (FMN). In this case, cyclic-voltammetry measurements were carried 
out of 200 PM NADH in 50 mM sodium phosphate; current peak of 1.3 PA was observed. 
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Tin-doped indium oxide (ITO) is excellent transparent conductive material especially in the thin film state. ITO 
has been incorporated in many applications such as photovoltaic cell [1], optoelectronic [2], organic light emitting 
diode [3] etc. Also electrochemical sensor has used ITO as planar electrodes because of its feasibility for patterning 
and miniaturization. As such, trends in reducing sensors from macroscopic level to microscopic one have been 
progressed very rapidly. Planar electrodes will be designed and developed to suit with their applications. In 1998, H. 
Suzuki et al have investigated the planar silver/silver chloride reference electrode on Au for electrochemical analysis 
[4], S.I. Park et al[5] have developed the planar multi-electrode on titanium for used as micromachined glucose 
sensor, K. Mitsubayashi et al [6] have fabricated flexible glucose sensor utilizing planar electrodes from ITO coated 
PET. Non-conductive materials can also be developed with planar electrode. X. Sun and M. Wang [7] have 
demonstrated electrode layer deposition on glass substrate for lab on chip electroanalysis. From these works, the 
planar electrodes can be fabricated on various substrates. 
The interesting point of planar reference electrode is how to fabricate all electrodes on same base material which 
has well conductivity. H. J. Kim and J. Kwak’s work [8] have presented the determination of alkaline phosphatase in 
human blood by using the micropatterned ITO film. All the electrodes (working electrode: WE, counter electrode: 
CE and reference electrode: RE) were fabricated on ITO thin. Then the Ag/AgCl reference electrode was developed 
on ITO. For this work  ITO can be fabricated to the electrochemical sensor. Furthermore ITO excels the 
transparency property so the development of ITO sensor did not limit at electrochemical analysis. Some chemical 
reaction can be changed the optical property such as absorbance. So electrochemical measurement on ITO film can 
be developed to spectroelectrochemical system. In work of J.N. Richardson et al [9] were created the 
spectroelectrochemical instrument that can be measured the cyclic voltammetry and absorbance of the evaluation of 
colloidal Au nanoparticle- ITO hybrid in the same time. 
In order to demonstrate the development of three planar ITO electrodes for sensing biomolecular activity.,  
Nicotinamide Adenine Dinucleotide or NADH was selected [10]. NADH is a very important coenzyme molecule in 
living cells. NADH is working an oxidize agent to transfer the electron by the following reaction; 
 
NADH                NAD+ + 2e- + H+           (1) 
 
To couple into an enzyme system which can be catalyzed NADH reactions; the reductase component (C1) with 
flavin mononucleotide (FMN) cofactor has been demonstrated [11]. Such reaction play an importance role in 
decomposition of synthesis chemical substance or natural residue [11]. The reactions were observed in term of the 
electrochemical behaviour and compare the result between NADH alone without C1-FMN and NADH with C1-
FMN.  
 
2. Experiments
2.1 Chemicals 
 
ȕ-NADH, reduced disodium salt hydrate, was purchased form Sigma-Aldrich. The reductase component (C1) 
and flavin mononucleotide (FMN) were obtained from Center for Excellence in Protein Structure and Function 
(CPSF), Mahidol University, Thailand. Analytical grade chemicals were used for all measurements. 
  
2.2 Instruments 
 
In electrochemical measurements were performed with PGSTAT12, Autolab. The SEM images were acquired 
by S-2500, Hitachi. The electrical properties of ITO were analyzed by HMS-3000, Ecopia. Transmission 
measurements were recorded by UV-vis spectrometer (6405 UV-vis, Jenway).   
 
2.3 Deposition of ITO on glass substrate  
 
Micro glass slide (BRAND) was cut into 2.5×2.5 cm2 and cleaned by ultrasonic bath with chemical wet 
treatment for 10 min in each solution; detergent, acetone, and methanol, respectively. The thin ITO film’s deposition 
was made by an RF magnetron sputtering. The coatings were done under the following conditions; working pressure: 
1.2×10-2 mbar; RF power: 40 W; temperature: 416 °C and deposition time: 20 minutes.  
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2.4 Preparation of planar ITO electrodes  
  
The ITO sample was patterning with basic UV lithography. The circular shape ITO with 0.5-cm diameter was 
used as working electrode while 1,2×1.2 cm2 rectangle as counter electrode. For the reference electrode, The 
Ag/AgCl has chosen for fabricated on ITO surface. The bonding strength between silver and ITO was rather weak. 
Nickel was then chosen to work as a buffer layer. The nickel layer were prepared by using an electrodeposition 
method (J = 0.64 mA/cm2 about 30 minutes). The subsequent silver layer was also electrodeposited on the nickel 
layer (J = 0.32 mA/cm2 about 1 hour). The AgCl was formed using two methods; chlorination and electrochemical 
potentiostat chlorination (EPC). For the chlorination method, ITO/Ni/Ag was immersed in 30 mM of FeCl3 about 1 
hour. In the EPC method, the Ag layer was employed as working electrode, the commercial Ag/AgCl used as a 
reference electrode and a Pt rod as counter electrode. The deposition of AgCl layer is performed with controlling 
current density at 2.35 mA/cm2 for 3.5 minutes in 0.1 M HCl [12].  
 
3.  Results and discussion 
The coated ITO thin film was analyzed for their optical & electrical properties. Morphology of Ag/AgCl surface 
were acquired from scanning electron microscope (SEM).  Performances of planar electrodes were performed with 
electrochemical techniques. 
  
3.1 Properties of ITO thin film 
The resulting ITO films have thickness of about 120 nm with resistivity of 4.6u10-4 :-cm  or better, and 
transmittance in visible wavelength of about 85%.  
 
3.2 Formation of Ag/AgCl surface 
 
Figs. 1(A) and (B) show morphology of the Ag/AgCl surface prepared by common electrodeposited  (non-EPC) 
and EPC Ag/AgCl  methods, respectively.. The AgCl grain from non-EPC method composes of many single grains 
of different grain sizes packing together. While those from the EPC method reveals better uniform grain size joining 
together as a network.  
 
 
 
 
 
Fig. 1 SEM micrographs of  Al/AgCl surface  prepared by (A) non-EPC methods  and (B)  EPC method. 
 
3.3 Performance test for planar reference electrode 
 
3.3.1 Stability of Ag/AgCl under development 
B A
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A stability test for the reference under development was done against a commercial Ag/AgCl reference 
electrode. If the two electrodes has the same concentrations of Cl- ions, there would be no shifting in potential 
between them. The stable electrode should also hold this difference for at least longer than the expecting measuring 
time.  for   Fig. 2 shows the resulting potential in 3M KCl electrolyte of the reference electrodes under study; non-
EPC- and EPC-type electrodes, with respect to the commercial Ag/AgCl reference electrode. The non-EPC type 
exhibited the stable shifting potential of -10 mV. The stability was maintained for as long as 90 minutes before 
larger shifting developed.  The EPC-type electrodes show the initial potential start at -0.4 mV before remaining at -
10mV. The stability is 200 minutes; about twice longer stability with respect to the non-EPC one.  The EPC-type 
electrode was then selected for further tests. 
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Fig. 2 Stability of the two reference electrodes under preparation in 3M KCl. 
 
3.3.2 Chloride sensitivity 
 
     From the Nernst’s equation, the potential of Ag/AgCl reference electrode at 25 °c should be decrease about 59.16 
mV for every increasing of decade chloride ion concentration or following the relation; 
 
                      E = E0 – 59.16 log [Cl-] mV                    (2) 
 
Where E0 is the standard potential, [Cl-] is concentration of chloride ions. To test the sensitivity of the EPC-type 
Ag/AgCl reference electrodes, measurements of the EPC reference electrodes with respect to s versus commercial 
Ag/AgCl through the potentiostatic (zero current) in various Cl ion concentration. Fig. 3 shows the linear potential 
against log [Cl-] that exhibits the slope about -62.59 mV per decade of chloride, slightly lower than the expecting 
theoretical value of -59.16 mV/decade. From the result, the slope data was good in agreement from theory. 
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Fig. 3 Chloride sensitivity of the EPC-type Ag/AgCl against the commercial Ag/AgCl 
 
 
3.4 Measurements of biomolecular activity 
 
     The planar electrodes under developing were used for measuring NADH activities. At this step, all the electrodes 
are planar and based on ITO-coated glasses; the working and the counter electrodes are bare ITO and the reference 
electrode is made with the procedures mentioned above.  Fig. 4 shows cyclic voltammetry of electrochemical 
reactions; the NADH oxidation peak is observed around 1.0 V in 0.1 M KCl (solid line). Normally the irreversible 
reaction of NADH occurred at more positive potential for bare working electrode. The assumption form the former 
experiment, when the NADH oxidation occurred will be strained from side effect of the reaction product [13]. The 
experiment was also carried out in another electrolyte; sodium phosphate buffer. This buffer is often used to help 
maintaining the pH [11].  The oxidation peak potential (at ~ 1.3 V) was shifted somewhat to higher potential and 
was observed with lower peak current peak too. This type of electrolyte has significantly affected the redox reaction 
of NADH.      
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Fig. 4 Cyclic voltammetry of 200 μM NADH; in 0.1 M KCl (solid line) and 50 mM sodium phosphate pH 7.0 (dash line). 
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NADH activity was also measured by a cyclic voltammetry in the coupling reaction (as shown in Fig. 5); the redox 
reaction of NADH in the presence of C1-FMN [11]. The peak current of the oxidation reaction decrease somewhat 
compared to the NADH activities without C1-FMN.  This may be expected as the C1-FMN suppressed the reaction 
of NADH to a certain degree. 
 
-0.5 0.0 0.5 1.0 1.5
0
10
20
30
i/
P
A
E/V
 
 
Fig. 5 Cyclic voltammetry of 200 μM NADH coupling with C1-FMN in 50 mM sodium phosphate pH 7.0. 
 
4.   Conclusion 
      The planar electrodes were fabricated on ITO thin film. For the working and counter electrode used the bare ITO 
electrode with different areas. The planar Ag/AgCl reference electrodes were fabricated from a multilayer on the 
ITO, i.e., ITO/Ni/Ag/AgCl. The performance of planar reference electrode was characterized with electrochemical 
measurements. The three planar ITO-based electrodes were applied to follow NADH activities. Our planar electrode 
can distinguish NADH activities from the lone NADH and NADH with the presence of C1-FMN.      
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